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Introduction 
Direct application of urea containing fertilizers (dry urea and UAN solutions) has increased 
markedly over the past two decades throughout Illinois, Iowa, and Minnesota (Fig.l). They now 
account for about 35% of the total N market (Fig.2). In that same time period, ammonium 
nitrate has decreased from 10 to less than 1 percent and anhydrous ammonia from approximately 
80 to 65 percent of the market in Iowa, Illinois, and Indiana. 
Growth in the urea market can be attributed in large part to a shift in available supply. 
Dry nitrogen production facilities built after the early 70's were almost all designed to produce 
urea. At the same time, many of the ammonium nitrate production plants were either closed or 
shifted to urea production in large part because of environmental concerns associated with 
nitrogen oxide emissions from ammonium nitrate facilities. 
Changes in farming practices in the 80's also contributed to the shift in N sources. During 
that period, the desire to conserve soil and energy caused many farmers to shift to reduced tillage 
programs including no-till. When this tillage shift first began, adequate equipment was not 
available to allow for the application of ammonia in fields with high levels of residue. As a 
result, many shifted to surface application of either dry urea or UAN solutions. Through this 
same time period, the demographics of farm size took an interesting tum. The average farm size 
increased, but at the same time the number of part time farmers also increased. This change to 
both larger and smaller farms was conducive to an increase in sales of urea containing materials. 
In the case of the large farms, unavailability of qualified labor meant that it was more 
economical for them to purchase a higher priced nitrogen source such as UAN or urea. By 
doing so, they could be assured that their nitrogen was being properly applied and they could 
devote their limited labor supply to the task of planting. Many of the part time producers do 
not have time nor an adequate power supply to apply ammonia, thus they have shifted to either 
a dry or liquid nitrogen source, usually a urea containing material. 
At the initiation of this shift in form of nitrogen being used, many producers were 
disappointed with the results they obtained from these new materials as they failed to follow the 
application recommendations being issued by dealers and other farm advisers. Virtually all of 
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the problems associated with urea containing materials occurs because of the hydrolysis reaction 
in which urea is converted to ammonium carbamate: 
CO(NH~2 + H20 -----> H2NCOONH4 
(urea) (ammonium carbamate) 
Since ammonium carbamate is an unstable compound, it quickly decomposes to ammonia and 
carbon dioxide. 
H2NCOONH4 +H20 ----> 2NH3 
(ammonia) 
+ C02 
(carbon dioxide) 
· Since ammonia is volatile, a portion will be lost if the reaction occurs at the soil surface. This 
reaction is catalyzed by the enzyme urease that occurs universally and is abundant in soils . The 
activity of urease tends to increase with an increase in organic mater content. The presence of 
relatively fresh plant residues often results in abundant supplies of urease. Chemical hydrolysis of 
urea has also been shown to occur, but the relative magnitude from this is far less than from 
hydrolysis stimulated by the urease enzyme. 
The potential for ammonia volatilization loss from urea is influenced by several factors 
including: soil pH, cation exchange capacity, temperature, moisture content, rate of application, 
and depth of incorporation. Additionally, method of application, time between application and 
precipitation and the amount of surface residue effect ammonia losses. Considerable research has 
been conducted over the last several years in an attempt to identify an effective urease inhibitor 
that will reduce the potential for volatilization. This research has identified a compound that is 
now in the developmental stages and will likely appear in the marketplace for the 1995 cropping 
season. 
Ammonia losses are usually greater with an increase in soil pH. This occurs because the 
percentage of free ammonia increases rapidly with an increase in pH (Table 1). As a result, 
special caution must be taken to insure that urea is incorporated soon after application on soils 
that have a naturally occurring pH greater than 7.0. Recent additions of lime may also increase 
the potential for ammonia volatility. This is especially true when lime has been surface applied 
without incorporation a short time period before application of urea. 
Since ammonium retention is influenced by cation exchange capacity, it follows that 
ammonia volatility from urea would be related to exchange capacity (Table 2). However, one 
should not be lulled into a false sense of security of feeling that losses will not occur on high 
exchange capacity soils. If the time period between application and incorporation is long, losses 
could be substantial even on soils with an exchange of 25 meq/100 g or greater. 
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Urea hydrolysis is relatively slow at temperatures of 40° F or less. However, as temperature 
increases, the rate of hydrolysis increases very rapidly. Rates of hydrolysis have been observed to 
be two to six times greater at 77°F than at 34°F. Even at low temperatures, substantial losses 
may occur if the time period between application and incorporation is long. 
Urea hydrolysis is slow at low soil moisture levels. However, seldom will soils be dry 
enough in the spring of the year to inhibit urea hydrolysis. Urea is very soluble and very mobile 
in soil. It moves nearly as fast as nitrate. Under most circumstances, this is an advantage as it 
allows the urea to move into the soil where volatilization will not be a problem. Receipt of 0.50 
inches of rain will move urea far enough into soil that volatilization will not be a problem. 
However, with excess moisture, it could be moved out of the rooting zone on sandy soils. 
The rate of urea volatility is somewhat rate dependent. Usually, the problem is minimized 
at the lower rates of application typically used for small grains and pastures. However, at rates 
of application typical of corn production, volatilization losses may be substantial. 
Incorporation of urea to a depth of one or two inches will reduce the potential for volatility 
. to a negligible amount on most soils (Table 3). The currently available primary and secondary 
tillage tools will all result in incorporation at least that deep. Tools such as a chisel plow, disk, 
or field cultivator will incorporate materials about one-half the distance of the depth of the tool. 
Rotary hoes while not a good mixing tool will probably incorporate urea deep enough to 
minimize the potential for a problem. 
An increase in residue levels resulting from a decrease in tillage intensity increases the 
potential for N loss from surface applied urea containing materials (Table 4). These data clearly 
point out that the increase in reduced tillage systems resulting from compliance with conservation 
plans, will require improved nitrogen management techniques. One possibility will be injection of 
either UAN solutions or ammonia (Table 5). However, in some cases, even the small amount of 
tillage that is done with an injector knife will reduce residue cover enough to place the field out 
of compliance. An alternative that has been suggested is to surface apply UAN solutions in a 
concentrated band, a system referred to as dribble application. While this system is an 
improve~ent over surface broadcast application, it is not consistently as good as a non-urea 
containing material or injected UAN (Table 6). Systems such as the spoke-wheel applicator 
developed at Iowa State University and the high pressure pump systems in combination with a 
rolling coulter have been shown to be effective in reducing ammonia volatility from urea 
containing materials while at the same time minimizing the amount of residue disturbance. 
Since urea hydrolysis is known to be temperature dependent, it was theorized that a winter 
or very early spring application would minimize the potential for N loss. Unfortunately, data 
collected in Illinois has shown that the risk of loss from winter applied urea is high (Table 7). In 
that study, urea was surface applied at DeKalb and Monmouth in late February of 1986 on 
frozen soils that were covered with about an inch of snow. Day time temperatures were in the 
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low to mid-30's for the first 3 days after application. On day 4, temperatures warmed to the 
mid-50's and remained that high or higher throughout the remainder of the winter and spring. 
No measurable precipitation was received from the date of urea application until early May, a 
period of nearly 10 weeks. While it is extremely unusual for any part of the upper midwest to go 
for that long a time period without precipitation in March and April, it did occur again the 
following year at the DeKalb location. At the Monmouth location, there may have been 
volatility of ammonia from the winter applied urea in 1987, but since there was no response to 
any N at that location, N loss could not be detected. If winter application of urea is to be used, 
one must be assured of a precipitation event of 0.5 inches of rain within 3-4 days after 
application. 
Early spring application when temperatures are low and precipitation probability is high 
should reduce the probability of urea loss. In 1975, that appeared to be the case in work 
conducted at Dixon Springs (Table 8). However, at that same location in 1974 and at 
Brownstown, early spring application of urea did not yield as well as ammonium nitrate. 
Additionally, neither ammonium nitrate nor urea applied at that early date resulted in as good of 
a yield as they did when applied in June, in 4 of the 6 comparisons. The poorer yields observed 
with the early application was due at least in part to N uptake by weeds during the time period 
between application of theN and planting. At planting time, the weed growth on the early 
spring N treated plots was much larger and greener than on those plots which had not received 
any N. Even though the weeds were killed with a contact herbicide, theN was not released back 
for the no-till corn crop being grown that year. With the advent of new post emergence 
herbicides, this practice might be practical as long as the herbicides are applied at the same time 
as the fertilizer. 
For several years, research and development efforts have been underway to identify a 
compound that would function as a urease inhibitor. Such a compound must inhibit urease 
activity while the product is on the soil surface and then break down soon after the urea has been 
moved into the soil. A mentioned earlier, if urea does no hydrolyze, in other words if the 
inhibitor does not break down, then the urea would be subject to leaching. Such a compound 
has been identified and will be placed into the market place by early 1995. The compound, N(N-
Butyl) Thiophosphoric-Triamide (NBPT) whieh will be marketed under the trade name of 
AgrotaiN has been under University tests for several years. When averaged over all locations, 
the inhibitor resulted in a yield increase of 4.3 bushels/acre when applied with urea and 1.6 
bushels/acre when used with UAN solutions. These studies were done over a wide range of 
environments, including some which received precipitation soon after application. When that 
occurred, there was little potential for benefit from the inhibitor. In 1992, a season characterized 
by a long dry period in the spring, NBPT with urea resulted in a substantial increase in grain 
yield as compared to urea alone in Missouri, Illinois, and Kentucky (Table 9-11). Sin1ilar results 
were obtained in Nebraska studies with urea (Table 12). In the Nebraska study, NBPT had little 
effect on yield when it was combined with UAN solutions (Table 13). The differential impact of 
NBPT with urea and UAN is likely due at least in part to the fact that UAN has only 50% of its 
N present as urea. The greatest potential for benefit for urease inhibitors will occur when urea 
containing materials are surface applied without incorporation. This will be especially true on 
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reduced tillage fields. Farmer experience will ultimately determine where urease inhibitors are 
used. 
Urea containing materials have 2 major disadvantages when used as the N source in a 
starter fertilizer program. First of all, urea produces free ammonia within the fertilizer band, a 
characteristic that causes seedling damage if the fertilizer is placed with seed (Table 14). When 
the starter is placed to the side of the seed, the free ammonia will inhibit phosphorus uptake 
(Table 15). Thus urea works against the primary function of a starter fertilizer, i.e. to increase 
phosphorus uptake. While not a major problem, most urea contains a small amount of biuret, a 
contaminant produced in the manufacturing process. This compound is extremely toxic to plant 
growth at low concentrations, but is only a problem when placed near the seed. There is no 
documented evidence of biuret injury from a broadcast application of urea containing materials. 
The application of UAN solutions in combination with herbicides ("weed and feed") has 
become a popular program for some producers. In those years when this practice cannot be 
completed prior to the emergence of corn there is concern with the amount of damage that might 
occur to the seedlings. Dr. Gyles Randall evaluated the effect of postemergence application of 
UAN with and without atrazine on corn growth and yield. His results indicated a decrease in 
early seedling growth with an increase in N rate (Table 16 ). Inclusion of atrazine with the UAN 
resulted in further decrease in plant weight. The early season depression in growth was not 
reflected in final yield at the lower N rates (Table 17). However, there was a trend for yields to 
be depressed at rates of 90 lb N/acre or greater. Inclusion of 2 lb/acre of atrazine with the 120 lb 
N/acre rate significantly decreased grain yield. He concluded that topdress application of UAN-
atrazine combinations to corn at the 4-leaf stage at rates greater than 60-lb N/acre and 2-lb 
atrazine/acre would not be advisable. 
Summary 
Urea is an excellent nitrogen fertilizer material. However, owing to the fact that it is 
volatile, it must be incorporated either by a tillage tool or precipitation soon after application 
for greatest efficiency. With the advent of improved application equipment and the introduction 
of an effective urease inhibitor into the market place, urea containing materials will likely 
command an even larger share of the market place. This will be especially true for those 
individu~ls wishing to remain in compliance with conservation plans on highly erodible land. 
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Table 1. Relationship of pH to percentage of free ammonia. 
pH Percent of 
of Solution Free Ammonia 
6 0.1 
7 1.0 
8 10.0 
9 50.0 
Table 2. Effect of cation exchange capacity on ammonia volatilization. 
Soil type Soil pH Cation Percent N loss 
Lakeland fsl 
Lakeland fs 
Lakeland fs 
Fellowship fsl 
5.6 
6.3 
5.4 
5.9 
Exchange 
Capacity 
1.5 
1.6 
4.7 
23.4 
Urea 
39.8 
59.0 
16.8 
8.6 
VAN Solution 
0.6 
29.4 
1.6 
0.4 
Table 3. Effect of secondary tillage following surface application of UAN solutions on corn 
ield. 
N 
lb/acre 
0 
80 
160 
240 
N Source 
Ammonia VAN VAN 
Incorporated Unincorporated 
Yield bu/acre 
---------------------------------- ---63--------------------------------------------
126 120 113 
146 141 136 
150 143 135 
Table 4. Effect of tillage and N placement on corn yield . 
N Source 
Tillage Ammonia UAN 
Yield bu/acre 
M.B. Plow 138 137 
Chisel Plow 137 130 
No-Till 138 116 
Purdue Univ., Griffith, 1974 
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Table 5. Effect of N source and application method on com yield . 
N Source 
Anhydrous 
Ammonia 
UAN 
UAN 
Urea 
Ammonium 
Nitrate 
Application 
Method 
Injected 
Injected 
Surface 
Surface 
Surface 
Purdue Univ ., Mengel, et al. 
Yield bu/acre 
141 
145 
129 
134 
138 
Table 6. Effect of N source and application method on com yield. 
N Location 
Treatment A B c D 
Yield bu/acre 
Ammonium nitrate 112 155 142 164 
UAN Broadcast 99 120 149 159 
UAN Dribble 120 157 149 176 
UAN Injected 124 167 156 178 
Univ. of Maryland, Bandel. 
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Table 7. Effect of time and method of urea aimlication on com yield. 
N Treatment 
Urea Urea Anhydrous Ammonia 
N, lb/acre Winter Spring Spring 
Incornorated Injected 
Yield, bu/acre 
DeKalb 1986 
0 89 
120 94 140 149 
180 123 157 156 
240 126 165 158 
Monmouth 1986 
0 68 
120 150 169 175 
120 160 172 168 
180 169 171 170 
Monmouth 1987 
0 153 
120 153 161 163 
180 155 159 157 
240 164 154 158 
Table 8. Effect of N source and time of application on com yield. 
N Time of Brownstown Dixon Springs 
Source Application 1974-77 1974 1975 
Yield bu/acre 
Control 52 50 
Ammonium 
Nitrate Spring 96 132 160 
June 106 151 166 
Urea Spring 80 106 187 
June 99 125 132 
University of Illinois 
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Table 9. Effect of N source, rate, and NBPT on no-till corn yield. 
N Source 
N Ammonium Urea Urea 
lb/acre Nitrate + NBPT 
Yield bu/acre 
0 83 
60 164 132 151 
180 203 173 196 
Univ . of MO. Dr. Daryl Buchholz 
Table 10. Effect of N source, rate, and NBPT on no-till corn yield. 
N Source 
N Ammonium Urea 
lb/acre Nitrate 
Yield bu/acre 
0 60 
80 114 90 
120 118 97 
160 114 105 
Southern Illinois University, Dr.E.C. Varsa. 1992 
Table 11. Effect of N source on no-till corn grain yield. 
N Source 
Control 
Calcium nitrate 
Urea 
Urea+ NBPt 
Yield bu/acre 
78 
166 
112 
158 
Univ. of Ken., Dr. Lloyd Murdock. 1992 
Urea 
+ NBPT 
110 
115 
122 
Table 12. Effect of N rate and source on corn grain yield. 
N lb/acre 
0 
100 
200 
Urea 
74 
90 
73 
N Source 
Urea+ NBPT 
Yield bu/acre 
135 
142 
Univ . of Nebr., Dr. Richard Ferguson. 1992. 
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Table 13. Effect of N rate and method of UAN application on com grain yield. 
Application N lb/acre 
Method 0 100 200 
Surface Broadcast 7 4 
Surface Band 
Injected 
Surface Broadcast 
+NBPT 
Surface Band 
+NBPT 
Injected + NBPT 
Yield bu/acre 
132 150 
135 156 
152 156 
142 
139 
141 
131 
162 
154 
Univ. of Nebr., Dr. Richard Ferguson. 1992 
Table 14. Effect of rate and carrier of seed-placed Nand P on the emergence of com seedlings. 
Carrier and Days after planting 
Rate 15 20 36 
N +P20 5 + K 20 
lb/acre 
CSP 
0+5+0 
0+10+0 
Ammonium Nitrate +CSP 
5+5+0 
10+10+0 
10+5+0 
20+10+0 
UAPP 
5+5+0 
10+10+0 
10+5+0 
20+10+0 
Control 
0+0+0 
Liegel et al 197 5 
74 
61 
56 
25 
29 
8 
6 
2 
3 
1 
65 
%Emergence 
100 
91 
90 
89 
63 
67 
26 
12 
2 
5 
2 
96 
99 
99 
88 
75 
75 
61 
23 
9 
12 
4 
100 
Table 15. Effect of rate and carrier of side-placed N and P on the P concentration in corn 
seedlings. 
Carrier and Days after planting 
Rate 27 __ _,5"-'4~---
N + P20 5+ K20 1973 1974 1973 1974 
lb/acre 
AN+ DAP 
25+25+0 
50+50+0 
100+50+0 
UAPP 
25+25+0 
50+50+0 
50+25+0 
100+50+0 
Control 
0+0+0 
.45 
.56 
.44 
.39 
.36 
.28 
.30 
.31 
% Pin tissue 
.47 
.47 
.46 
.46 
.47 
.46 
.32 
.44 
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.28 
.32 
.28 
.30 
.30 
.30 
.31 
.31 
.30 
.28 
.29 
.29 
.30 
.29 
.25 
.25 
Table 16. Effect of toQdressed UAN and atrazine on corn Qlant growth in Minnesota. 
Treatment Days after aQQlication 
UAN Atrazine 14 35 
lb N/ac lb/ac 1977 1978 1977 1978 
Seedling weight g/plant 
0 0 111 45 
0 0 17 7 129 52 
60 0 13 5 119 47 
90 0 11 5 116 47 
120 0 10 4 103 44 
60 2 11 4 113 46 
90 2 10 4 103 44 
120 2 7 3 93 42 
Univ. of MN. Dr. G.W. Randall 
Table 17. Effect of toQdressed UAN and atrazine on corn grain yield in Minnesota. 
Treatment Year 
UAN Atrazine 1976 1977 1978 
lb/acre lb/acre Yield bu/acre 
0 0 63 135 113 
0 0 78 150 149 
60 0 69 153 146 
90 0 69 151 147 
120 0 80 148 143 
60 2 73 154 145 
90 2 62 145 144 
120 2 66 138 136 
Univ. of MN. Dr. G.W. Randall. 
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Fig. 1. Consumption of urea containing materials in Iowa, 
Illinois, and Minnesota. 
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Fig. 2. Market share of N sources in Iowa, Illinois, and Minnesota. 
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